Background: Femoral arterial access constitutes the first step in a significant proportion of interventional endovascular procedures. Whilst existing reports describe sheath size as an independent risk factor for bleeding complications in radial arterial access for coronary intervention, the influence of sheath size on overall complication rates and morbidity following femoral arterial access is not well described. This prospective single centre study reports our experience of vascular sheath size, patient and procedural factors in influencing complication rates following femoral arterial access. From April 2010 to May 2013, data was collected prospectively for all femoral arterial access procedures performed in the Interventional Radiology department of a tertiary hospital. For vascular sheath size <6-Fr, haemostasis was achieved by manual compression. For 6-Fr sheath size, a closure device was used in the absence of any contraindication. Results: Of the 320 femoral access cases with eligible inclusion criteria, 52.5% had 4-Fr whilst 47.5% had 6-Fr vascular sheaths inserted. Overall post procedure complications rates were significantly higher following 6-Fr sheath (17/152 (11.2%)) versus 4-Fr systems (3/168 (1.8%)) (p=0.0007) mostly comprising self-limiting hematoma. There was no significant difference in major complications that required escalation of treatment. Conclusion: No significant difference has been demonstrated between the use of either sheath systems for major complications. The practical limitations of a smaller system, combined with existing body of evidence, may not justify the routine use of 4-Fr sheath systems as the primary sheath size for all endovascular procedures.
Background
Femoral arterial access constitutes the first step in a significant proportion of interventional endovascular procedures. Adequate training in safe arterial puncture (Fairley et al., 2016) and audit of outcomes are essential in minimising and recognising associated complications (Wagner et al., 2015; Rajebi & Rajebi, 2015) . Complications predominantly relate to haemorrhage following arterial access. Existing reports describe sheath size as an independent risk factor for increased bleeding complications in radial arterial access for coronary intervention (Honda et al., 2012) . Femoral bleeding complications have been shown to change with sheath size, duration of femoral arterial access, as well as intensity and duration of anticoagulation (Doyle et al., 2008; Cantor et al., 2007) . However, the influence of sheath size on overall complication rates and morbidity following femoral arterial access is not well described and is of particular interest given the potential mitigation of these complications with arterial closure devices (Tzinieris et al., 2007; Das et al., 2011; Baumann et al., 2015) .
There has been an increase in the range of equipment available, which are compatible with 4-French (Fr) sheaths, including angioplasty balloons and 0.018″ and 0.014″ systems. However, these are more expensive than their 6-Fr counterparts and the cost implications of using a smaller device and compatible systems is a consideration. Additionally, some technical limitations are associated with the use of the smaller systems. Patient and procedure related parameters also have an influence on complication rates. This study presents data from three audit cycles, conducted over three consecutive years, at a UK vascular IR (Interventional Radiology) centre. The aim was to assess the overall complication rates when using 4-French vascular access sheaths for femoral arterial endovascular interventions compared with 6-French sheaths; and evaluate the influence of patient and procedural parameters on these complication rates.
Methods
A prospective single centre study was conducted at a tertiary teaching hospital IR unit, over three 6 month audit cycles and includes all vascular interventions performed via the transfemoral route in the interventional radiology suites between April 2010 and May 2013.
All transfemoral arterial access was performed using sterile technique and 1% lidocaine infiltration at the puncture site. Fluoroscopic and/or ultrasound anatomical landmarks over the femoral head/neck were used to ensure safe site of arterial access in the common femoral arterial (CFA) segment. The CFA was also located by ultrasound with reference to the inferior epigastric artery origin. In our institution, all inexperienced operators receive formal training in the basics of safe femoral arterial puncture, followed by close senior supervision, until they are competent in gaining safe femoral arterial access. Competence is assessed on the basis of 50 observed retrograde and 50 observed antegrade punctures. Wherever possible, sheaths were removed immediately post procedure in the interventional suite and 10 min of manual compression was applied for haemostasis. Following the use of a 6-Fr vascular access sheath, a closure device is deployed in the absence of any contraindications.
Patient demographics
During the period of study, 392 arterial access procedures were performed, with 10 patients having two access sites. Fifty-eight cases were excluded as femoral sheath size was neither 4 Fr. nor 6 Fr. Additionally, nine 4-Fr and five 6-Fr cases were excluded as these were for alternative (non-femoral) access sites. In the remaining 320 procedures, 7 patients had bilateral femoral vascular access (4 patients having bilateral 4-Fr access, 2 patients having bilateral 6-Fr access, and 1 patient having one 4-Fr and one 6-Fr access). Patient clinical characteristics in the respective 4-Fr and 6-Fr subpopulation are presented in Table 1 (1 patient with bilateral access with 4 and 6-Fr systems was included in each demographic as an individual entity). Of the 314 patients, 186 were male and 128 were female. Mean age was 65.7 (range 21-94) years (unavailable in 10 patients). 41.2% had hypertension whilst 31.0% had diabetes. 45.3% were receiving anticoagulation prior to the procedure, consisting of 4 patients on warfarin, 43 on aspirin, 8 on clopidogrel, 7 on treatment dose low molecular weight heparin, 42 on prophylactic dose low molecular weight heparin, and 36 patients on > 1 of the aforementioned anticoagulation regimes. 2.3% had an INR > 1.5.
Procedure related complications were recorded for all patients operated on during the audit periods, with clinical data collated on an audit pro-forma, both immediately following each procedure and prior to discharge from hospital. Parameters relating to both the patient and the procedure were recorded, including: patient co-morbidities; body habitus; vessel calcification; haematological clotting status; concomitant anti-coagulation; operator experience; sheath size and the number of needle passes attempted to gain successful arterial access. The association of these factors, especially sheath size, with post-procedural complications was evaluated.
Complications were classified based on the Society of Interventional Radiology (SIR) guidelines. Minor complications are defined as those requiring no treatment. Major complications are those requiring treatment and further hospitalization, those requiring an unplanned increase in level of care, those with permanent adverse sequelae, and those resulting in death (Omary et al., 2003) .
Statistical analysis
Categorical variables were compared using Chi-squared analysis or Fisher's exact test (SPSS software) and were adjusted for confounding factors. Statistical significance was defined as P < 0.05).
Results

Arterial access site characteristics
The arterial access site characteristics, operator seniority and methods of closure are recorded in Table 2 . 75.6% were retrograde access, with the majority (95.3%) constituting puncture of the common femoral artery. 85% were successful with a single anterior wall puncture. 4-Fr vascular access sheaths were used in 52.5%, whilst 6-Fr sheaths were used in 47.5%. The vessels were calcified in 35.9% and the groins were scarred due to a previous surgical intervention in 16.6%.
Arterial puncture was achieved with either ultrasound guidance alone (44.7%) or a combination of ultrasound and fluoroscopic guidance (34.4%); only 15.9% were accessed by manual palpation alone. 78.1% of access sites were sealed by manual compression. Punctures performed under manual palpation alone showed no significant difference in complication rates (1/51 patients = 2.0%) compared with those performed under image guidance (19/269 patients = 7.1%) (p = 0.219, Table 2 ).
Access-site complications
There were 20 complications in total (Table 3 ). The total number of patients having either 4-Fr or 6-Fr sheaths was 334, of which 320 were for femoral arterial access. The overall post procedure complication rates were significantly greater following catheterisation with 6-Fr sheaths (17/152 (11.2%)) versus 4-Fr systems (3/168 (1.8%)) (p = 0.0007) (Fig. 1) . Compared with 4-Fr arterial catheterisation, the odds ratio (OR) for complication when using a 6-Fr system was 6.9 (95% CI 2.0-24.0). Of the 17 complications in the 6-Fr group; 1 haematoma required surgical management, 1 case of distal embolization required further endovascular management by Interventional Radiology and 1 case of distal embolization was managed medically. The remaining were self-limiting haematomas.
There were 3 complications in the 4-Fr group consisting of 1 self-limiting haematoma, 1 pseudoaneurysm formation, and 1 haematoma requiring surgical management. There was no significant difference between 4-Fr vs 6-Fr systems for major complications (defined as those delaying discharge or requiring escalation of treatment).
Overall in both groups (4Fr and 6Fr), antegrade punctures (9/78 = 11.5%) were associated with significantly greater complication rates than retrograde punctures ((11/242 = 4.6%) (p = 0.027) (Fig. 2) . Compared with the retrograde approach, the odds ratio for complication following antegrade puncture was 2.74 (95% CI 1.09-6.88). Considering 6Fr catheterisation alone, complications were seen following 7/28 (25%) antegrade procedures and 10/ 124 (8.1%) retrograde procedures, comprising a significantly elevated risk for the former (p = 0.018). The OR for complication following a 6Fr antegrade procedure, compared with retrograde, was 3.8 (95% CI 1.3 to 11).
Only 0.9% of patients with complications required surgical intervention post procedure to correct access site complications. However; a comparison of complication rates between the remaining patient and procedure related parameters, including the seniority of the operator and the number of arterial passes, did not reach statistical significance.
In terms of anticoagulation, although 13/164 (7.9%) of patients receiving intra-procedural heparin developed complications, compared with 5/150 (3.3%) for those receiving no anticoagulation during the procedure, the difference between these two group did not reach significance (p = 0.093, Table 2 ). In addition, none of the 16 patients with pre-procedural INR > 1.5 or platelets < 100 developed complications. These data were well recorded. Specifically looking at complications in patients receiving anticoagulation prior to the procedure (warfarin, aspirin, clopidogrel, treatment dose heparin and prophylactic dose heparin), although there was a higher number of complications in the anticoagulation group compared with the 'no anticoagulation' group, no statistical difference was demonstrated (p = 0.115); 12/144 (8.3%) of those receiving prior anticoagulation developed complications, compared with 7/171 (4.1%), for those that had not (OR 2.13; 95% CI 0.816 to 5.562).
Discussion
Access site bleeding complications have been reported in up to 19.3% of patients following femoral arterial catheterisation (Cantor et al., 2007) , with major femoral bleeding associated with adverse outcomes, including prolonged hospital stay, increased blood transfusion requirements and decreased long-term survival (Doyle et al., 2008) . With the advent of low-profile devices, smaller sheaths have been introduced and intuitively, due to their smaller size, 4-Fr vascular access sheaths are expected to reduce the risk of post-procedural complications. The use of 4Fr access sheaths is associated with some technical difficulties such as a reduction in the ability to perform angiography via the sheath with a 4-Fr catheter in situ and increased difficulty with advancing some catheters within the sheath due to less physical space within the sheath. However, these difficulties are offset if there is reduction in complications. In a randomised study of patients undergoing diagnostic coronary angiography via the femoral arterial approach, 91 patients receiving 4-Fr arterial catheterisation were compared with 86 for whom 6-Fr catheters were used (Cantor et al., 2007) . Complications were recorded in 22% of patients treated with 6-Fr catheters compared to 10% in those with 4-Fr catheters (p = 0.11); the majority of these complications were minor. Our results demonstrate a similar trend. Our data are also comparable to that of Durst et al. (Durst et al., 2007) , confirming reduced rates of overall complications following femoral arterial access with 4-Fr compared to 6-Fr systems of 1.8% and 11.2%, respectively. With either system, however, the majority of complications were minor and the overall number of immediate access site related complications is low, with an even smaller number of major complications.
Previously reported independent risk factors for haemorrhagic complications following femoral arterial catheterisation include increased patient age, increasing sheath size, anticoagulation and raised body mass index (BMI) (Doyle et al., 2008; Wheatley et al., 2011) . Our data confirm a higher complication risk with increasing sheath size (6-Fr compared with 4-Fr systems). In addition, we have demonstrated a higher rate of minor complications, when using an antegrade approach compared with a retrograde approach. Reasons for this may include difficulty in obtaining adequate manual compression in patients with high BMI, high skin entry sites for antegrade punctures, as well as initial guidewire entry into the profunda rather than superficial femoral artery resulting in prolonged manipulation and increase of minor groin hematoma as a consequence. Recent reports describe no added morbidity in planned antegrade superficial femoral arterial (SFA) punctures versus CFA punctures (Kweon et al., 2012) . A further retrospective study comparing complications in antegrade punctures of the CFA (n = 50) vs SFA punctures (n = 130) using vascular closure systems similarly reported an overall low access site complication rate of 8.9%, with no significant difference between CFA and SFA access, or dependence on sheath size (Gutzeit et al., 2012) . No significant increase in complication rate was demonstrated in patients receiving anticoagulation prior to the procedure.
Limitations
Despite the data being collated prospectively, the patients were not randomised. Furthermore, choice of vascular sheath size was reliant on the choice of the principal operator and therefore results may reflect an additional selection bias. Patients switching from 4-Fr to 6-Fr systems were also not recorded as a separate cohort, a subgroup of patients that were potentially liable to an increased complication risk from changing vascular access sheaths during a procedure. The number of major complications is low and for this subgroup of complications, a significant difference between the two catheterisation systems is not confirmed. A study involving a much larger number of patients would be required to conclusively state that there are no significant differences in major complication rates between 4-Fr and 6-Fr systems.
